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[57] ABSTRACT

An ink ribbon comprises an ink supporting member, an
intermediate layer mounted on the ink supporting mem-
ber, and ink mounted on the intermediate layer. The ink
has supercooling property and 1s susceptible to soften-
ing or melting by heat, and the intermediate layer is
adapted to reduce adhesion of the ink to the intermedi-
ate layer above a temperature at which the ink is soft-
ened or melted. A thermal-transfer recording apparatus
best adapted for use of the ink ribbon described above,
comprises a thermal head including a plurality of heat-
ing elements and being 1n sliding contact with the ink
ribbon, the heating elements being adapted to be heated
for predetermined patterns so that the ink of the ink
ribbon in sliding contact with the thermal head is heated
to be softened or melted into the predetermined pat-
terns, and is transferred to the recording paper overlap-
ping the ink ribbon. The heating elements are located at
a downstream end position, with respect to the feed
direction of the ink ribbon, on the ink ribbon sliding
contact surface of the thermal head.

34 Claims, 5 Drawing Figures
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1
THERMAL-TRANSFER INK RIBBON

FIELD OF THE INVENTION

The present invention relates to an ink ribbon used by
a thermal-transfer recording apparatus and a thermal-
transfer recording apparatus best adapted for use there-
with.

BACKGROUND OF THE INVENTION

Conventionally, in thermal-transfer recording appa-
ratuses, an ink ribbon overlapping recording paper is
heated by a thermal head for desired patterns, such as
figures, characters or other signs, so that ink on the
ribbon is softened or melted and then transferred to the
paper to form the desired patterns thereon. After the
transfer, the ribbon 1s separated from the paper.

The thermal-transfer recording apparatuses using the
ink ribbon in which hot melting type ink or hot-soften-
ing type ink is mounted on an ink supporting member,
and recording desired pattens on a recording paper, can
record the desired patterns on the recording paper with
a high durability, and are maintenance-free and highly
reliable. The recording apparatus of this type have al-
ready started to be widely used for both office and
personal services, and are still being positively studied
and developed in various places.

In the conventional thermal-transfer recording appa-
ratuses, however, ordinary paper, such as PPC paper,
bond paper, etc., cannot be used for the recording pa-
per, and special paper with a smoother surface must be
used exclusively. If any ordinary paper 1s used, only a
plurality of microscopic projections on the surface of
the paper can be in contact with the ink on the ink
ribbon. In transferring the ink softened or melted into a
desired pattern to be transferred on the surface of the
recording paper by means of heating elements on the
thermal head constituting the desired patterns, there-
fore, only those projecting surface portions of the re-
cording paper contacted the ink can catch the ink.
Thus, the resulting patterns on the paper are subject to
undesired voids or uninked spots.

OBJECTS OF THE INVENTION
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these circumstances, and it i1s a first object of the inven-
tion to provide an ink ribbon capable of satisfactorily
transferring ink even to ordinary paper, such as PPC
paper, bond paper, etc., without any voids or uninked
spots. A second object of the invention 1s to provide a
thermal-transfer recording apparatus best adapted for
use with the aforesaid ink ribbon.

SUMMARY OF THE INVENTION

The first object of the invention may be achieved by
an ink ribbon which comprises an ink supporting mem-
ber, an intermediate layer mounted on the ink support-
ing member, and ink mounted on the intermediate layer,
the ink having supercooling property and being suscep-
tible to softening or melting by heat, and the intermedi-
ate layer being adapted to reduce adhesion of the ink to
the intermediate layer above a temperature at which the
ink is softened or melted.

When the ink on the ink ribbon, constructed in this
manner, is softened or melted by a plurality of heating
elements on a thermal head forming desired patterns to
be transferred to the surface of recording paper, adhe-
sion of the ink to the intermediate layer i1s reduced.
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Once softened or melted, the ink, which has supercool-
ing property, remains unsolidified for a predetermined
time. Accordingly, even if PPC paper, bond paper or
other ordinary paper, of which only the projecting
surface portions can be touched by the ink, is used for
the recording paper, the ink can very easily be trans-
ferred from the intermediate layer of the ink ribbon to
the recording paper. Thus, the desired patterns can be
inked or recorded on the ordinary paper without voids.

Preferably, in the ink ribbon of the invention de-
scribed above, the intermediate layer 1s a metal film.
The metal film can be formed on the ink supporting
member at low cost by a well-known method.

In the ink ribbon, moreover, the intermediate layer
may include capsules distributed substantially uni-
formly on the ink supporting member and being de-
stroyed when the capsules are heated above a tempera-
ture at which the ink i1s softened or melted, and an adhe-
sion reducing agent stored in the capsules and adapted
to reduce the adhesion of the intermediate layer to the
softened or melted ink. . |

In this case, the capsules preferably store a foaming
agent being susceptible to foam when the foaming agent
is heated above the temperature at which the ink i1s
softened or melted. The foaming agent secures the de-
struction of the capsules. That is, the transfer of the ink
from the intermediate layer to the recording paper
above a temperature at which the ink is softened or
melted is securely achieved.

Preferably, the ink of the ink ribbon exhibits rela-
tively high cohesion when it 1s softened or melted by
heat. With this property, it can more securely be trans-
ferred from the intermediate layer to the recording
paper.

The results of various experiments conducted by the
inventor hereof indicate that, for secure ink transfer
from the ink ribbon to the recording paper, the ink
should preferably remain unsolidified for about 50 mi-
croseconds or more after the end of heating for soften-
ing or melting the ink.

The ink ribbon of the invention may further comprise
a solidified ink bonding layer between the intermediate
layer and the ink for strengthening the adhesion of the
solidified ink to the intermediate layer. The bonding
layer securely prevents the solidified ink from separat-

ing from the intermediate layer.
Further, the ink supporting member may have a heat

resisting layer on the opposite side thereof to the inter-
mediate layer. The heat resisting layer securely pre-
vents the ink supporting member from being damaged
or scorched by heat produced by the heating elements
of the thermal head.

In the thermal-transfer recording apparatus best
adapted for use with the ink ribbon of the invention, the
ink of the ribbon remains softened or melted for a
longer time after heating than that of the prior art ink
ribbon does. Nevertheless, the ribbon can be separated
from the recording paper immediately after the ink 1s
heated for transfer, so that the transfer can be finished
before the ink, whether softened or melied, 1s reduced
in fluidity that is, while a good transfer condition is
maintained.

If the heating elements on the ink ribbon sliding
contact surface in the thermal head are located at the
downstream end position with respect to the ribbon
feed direction, the ribbon and the recording paper can



4,707,707

3

be separated immediately after the ink of the ribbon 1s

heated for the desired patterns.
Preferably, the recording apparatus further com-

prises separating means for separating the ik ribbon.

and the recording paper from each other the moment
the ribbon and the paper, facing each other, are sepa-
rated from the ink ribbon sliding contact surface of the

thermal head.
BRIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 is a sectional view schematically showing an
ink ribbon according to a first embodiment of the pres-
ent invention;

FIG. 2 is a diagram schematically showing the rela-
tionship between temperature and viscosity of ink used
in the ink ribbon of FIG. 1;

FIG. 3 is a perspective view schematically showing
the principal part of a serial printer as a thermal-transfer
recording apparatus best suited for use with the ink
ribbon of FIG. 1;

FIG. 4 is an enlarged view schematically showing the
state in which the ink is transferred from the ink nbbon
of FIG. 1 to ordinary paper without special smoothness
in the serial printer of FIG. 3; and

FIG. 5 is a sectional view schematically showing a
modified example of a second ink ribbon according to
the embodiment of the invention.

Preferred embodiments and modifications of the pres-
ent invention will now be described in detail with refer-
ence to the accompanying drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a cross-section of an ink ribbon 10
according to a first embodiment of the present inven-
tion. The ribbon 10 comprises an ink supporting mem-
ber 12, an intermediate layer 14 mounted on the ink
supporting member 12, and ink 16 mounted on the inter-
mediate layer 14.

The ink supporting member 12 may be formed from
plastic film, such as polyester, polyethylene, polycar-
bonate, polyimide, cellophane, etc., or paper such as
glassine paper, condenser paper, etc. The intermediate
layer 14 may be a metal film of aluminum, nickel or
tantalum formed on the ink supporting member 12 by
vapor deposition, sputtering or other conventional pro-
cess of deposition. Alternatively, the intermediate layer
14 may be metallic soap or case in coating the ink sup-
porting member. The ink 16 contains a coloring mate-
rial, such as carbon black or other pigment or paint, a
binder, a supercooling inducing material, and 1t 1s ap-
plied to the intermediate layer 14.

The binder used may be natural or synthetic wax e.g.,
beeswax, carnauba wax, microcrystalline wax, etc.
Also, thermoplastic resins, such as vinyl acetate-vinyl
chloride copolymer, vinyl acetate-ethylene copolymer,
polyamide, etc., may be used for the binder. If binders,
which exhibit relatively high cohesion when the ink 16
is softened or melted, the ink 16 exhibits relatively high
cohesion when it is softened or melted by heat. As bind-
ers described above, thermoplastic resins, such as vinyl
acetate-vinyl chloride copolymer vinyl acetate-ethy-
lene copolymer, etc., and mixtures of wax and thermo-
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approximately 50° to 200° C. (preferably about 60° to
100° C.) and having a higher proportion of wax than
that of the thermoplastic resin may be used. Dicyclo-

4

hexyl phthalate, benzotriazole, acetanilide, etc., may be
used for the supercooling inducing material.

FIG. 2 schematically shows the relationship between
the temperature and viscosity of the ink 16 containing
the supercooling inducing material according to the
first embodiment of the invention. In FIG. 2, Tm indi-
cates the melting point of the ink 16, and To designates
the maximum temperature to which the ink 16 is heated
by a thermal head mentioned later. In this embodiment,
the ink 16 is composed of 7 parts by weight of carbon
black, 3 parts by weight of oil black, 20 parts by weight
of microcrystalline wax, 40 parts by weight of low-
molecular ethylene-vinyl acetate copolymer, and 30
parts by weight of dicyclohexyl phthalate.

The fluidity of the ink 16 containing the supercooling
inducing material is different at the times temperature of
the ink 16 is increasing and its temperature is decreas-
ing. Thus, the fluidity has a hysteretic property. During
a temperature rise, the ink 16 suddenly decreases in
viscosity and softens or melts when i1ts temperature
exceeds the melting point Tm. While the temperature 1s
falling, the supercooling inducing material acts so that
the viscosity of ink 16 is much lower than during the
temperature rise with the temperature on the same
level. Accordingly, the ink 16 can maintain its fluidity
despite the temperature below the point Tm. Further, it
has a supercooling region of about 20° C.

As shown in FIG. 1, the ink ribbon 10 of this embodi-
ment further comprises a bonding layer 18 interposed
between the intermediate layer 14 and the ink 16. The
bonding layer 18 strengthens the adhesion of sohdified
ink 16 to the intermediate layer 14, thereby preventing
solidified ink 16 from separating from the intermediate
layer 14. The bonding layer 18 is deposited on the inter-
mediate layer 14 by silane coupling treatment. The
bonding layer 18 is destroyed when it is heated by a
plurality of heating elements on a thermal head which
form desired patterns, such as figures, characters and
other signs, to be transferred to the surface of recording
paper so as to allow the ink 16, which is softened or
melted into the desired patterns, to come directly into
contact with the intermediate layer 14.

As required, moreover, the ink ribbon 10 of this em-
bodiment may be provided with a heat resisting layer 20
on that surface of the ink supporting member 12 in
sliding contact with the thermal head by a well-known
method. For example, the heat resisting layer 20 can be
made of nitrocellulose or a fluoride.

FIG. 3 schematically shows the principal part of a
serial printer, as a thermal-transfer recording apparatus,
best adapted for use with the ink ribbon 10 according to
the above described embodiment of the present inven-
tion. The serial printer is well known and comprises a
rotatable cylindrical platen 22, a guide bar 24 extending
parallel to the plate 22, and a carriage 26 mounted on
the guide bar 24 so as to move in the axial direction of
the guide bar 24.

A thermal head 28 having a plurality of resistors
constituting the heating elements, a thermal head drive
IC (not shown), an ink ribbon take-up reel shaft 30, and
an ink ribbon supply reel shaft 32 are mounted on the
carriage 26. When a printing circuit (not shown)
supplies printing signals to the thermal head drive IC
(not shown), the IC drives the resistors on the thermal
head 28 constituting desired patterns, such as figures,
characters and other signs, corresponding to the print-
ing signals to generate heat. The thermal head 28 is
movable between a contact position where it is in
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contact with the platen 22 and a noncontact position
where it is kept apart from the platen 22. It 1s driven by
a thermal head shifting mechanism (not shown).

The serial printer further comprises a carriage drive
motor 36 which delivers a driving force to a carriage 26
through a belt 34, whereby the carriage 26 is recipro-
cated. The driving force delivered from the motor 36 to
the carriage 26 is transmitted to the ink ribbon take-up
reel shaft 30 by means of a gear train (not shown)
mounted on the carriage 26.

The carriage 26 carries thereon ink ribbon cassette 38
which is stored with the ink ribbon 10 according to the
first embodiment of this invention. The ink ribbon 10 is
wound around an ink ribbon take-up reel and an ink
ribbon supply reel which are rotatably held in the cas-
sette 38 and fitted on the reel shafts 30 and 32, respec-
tively. Between the ink ribbon take-up reel and the ink
ribbon supply reel, as shown in FIG. 3, ink supporting
member side surface of the ink ribbon 10 contacts the
thermal head 28, and the ink-side surface of the ink
ribbon 10 in the vicinity of the thermal head 28 is in
contact with a ribbon-paper separating pin 40 which 1is
fixed to the carriage 26 on the down-stream side of the
thermal head 28 (that is, on the side nearer to ink ribbon
take-up reel than the thermal head 28). The moment the
ink ribbon 10, moving from the ink ribbon supply reel to
the ink ribbon take-up reel, separates from the shding
contact surface of thermal head 28 bearing the resistors,
the pin 40 keeps the ink ribbon 10 away from recoridng
paper 42 on the platen 22.

The printing operation, whether in lateral or vertical
lines, of the serial printer with the aforementioned con-
ventional construction is well known. Lateral printing
will be described in brief.

In the serial printer described above, when printing
signals are delivered from a printing circuit (not
shown), the carriage 26 is first moved to a print start
position for the initial line, and the thermal head 28 is
then shifted to the contact position by a thermal head
shifting mechanism (not shown). Thereafter, the mo-
ment the resistors on the thermal head 28 constituting
the desired patterns, such as figures, characters, and
other signs, corresponding to the printing signals are
driven for the generation of heat by the thermal head
drive IC, the carriage 26 is moved rightward in FIG. 3
at a predetermined speed. At the same time, the ink
ribbon 10 is moved from the ink ribbon supply reel to
the ink ribbon take-up reel at a predetermined speed.
While the carriage 26 is moved rightward in FIG. 3, the
ink of the predetermined patterns responsive to the
printing signals delivered successively from the printing
circuit 1s transferred from the ribbon 10 to the recording
paper 42. When the printing of an entire line 1s finished,
the thermal head 28 is shifted to the noncontact posi-
tion, and the carriage 26 is then moved to a print start
position for the next line. At the same time, the platen
22, along with the paper 42, rotates for one line in the
clockwise direction of FIG. 3. Thereafter, the aforesaid
printing operation processes are repeated. Since the ink
ribbon take-up reel shaft 30 is kept from rotating while
the carriage 26 is being moved to the print start position
for the next line, the ink ribbon 10 cannot be moved
from ink ribbon supply reel to ink ribbon take-up reel.

FIG. 4 is an enlarged view schematically showing the

state in which the ink 16 i1s transferred from the 1nk

ribbon 10 to the recording paper 42 in the serial printer
described above.
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- As shown in FIG. 4, the recording paper 42 i1s PPC
paper or bond paper whose surface 1s rougher than the
specially smoothed surface of conventional exclusive-
use paper for thermal-transfer recording. Therefore,
only the microscopic projections on the surface of the
paper are in contact with the ink 16 of the ink ribbon 10.
A plurality of resistors 44 on the thermal head 28 are
located at the downstream end position on the ink rib-
bon sliding contact surface of the thermal head 28 with
respect to the feed direction of the ink ribbon.

Those portions of the bonding layer 18 (see FI1G. 1)
corresponding in position to heated resistors 44 are
destroyed by high-temperature heat, as mentioned be-
fore, so that softened or melted ink 16M in correspond-
ing positions to heated resistors 44 1s brought into
contact with the intermediate layer 14. The ink 16M
contacted intermediate layer 14 is reduced in adhesion
to the intermediate layer 14 due to the properties of the
intermediate layer 14 described before. Since the ink 16
can be supercooled, softened or melted ink 16M remains
unsolidified for a predetermined time. Further, the co-
hesion of softened or melted the ik 16M is relatively
high. Therefore, ink 16M can securely be transferred
from the ink ribbon 10 to the recording paper 42, such
as the PPC paper or bond paper, having a relatively
rough surface which can contact the ink 16M on the ink
ribbon 10 only at its plurality of projections of the rough
surface. Ink 16P attached on the recording paper 42
forms the desired patterns without any voids or uninked
SpOts.

As mentioned before, the resistors 44 on the thermal
head 28 are located at the downstream end position on
the ink ribbon sliding contact surface of the thermal
head 28 with respect to the ink ribbon feed direction.
Also, the moment the ink ribbon 10 separates from the
ink ribbon sliding contact surface of the thermal head
28, the ribbon-paper separating pin 40 makes the ink
ribbon 10 move far away from the recording paper 42
on the platen 22. Further, the ink 16 having a property
of supercooling remains softened or melted for a longer
time after the finish of heating compared with the prior
art ink having no property of supercooling. Thus, the
transfering of the ink 16 from the ink ribbon 10 to the
recording paper 42 can be finished before the fluidity of
the ink 16 is reduced that is, under a good transfer con-
dition.

The results of experiments conducted by the inven-
tors indicate that, for secure the ink transfer from ink
ribbon 10 to the recording paper 42, the ink 16 should
preferably remain unsolidified for about 50 microsec-
onds or more after the end of heating for softening or
melting of the ink 16.

Referring now to FIG. 5, a modified exampie of the
ink ribbon of the invention will be described. In this
modification, the same reference numerals are used to
designate the same portions as included in the ink ribbon
10 of the foregoing embodiment.

Ink the ribbon 10’ of this modification and ribbon 10
of the above embodiment are different in the construc-
tion of the intermediate layer. Intermediate layer 14’ of
the ribbon 10’ is formed of a plurality of capsules 46
applied on the ink supporting member 12, and the ink 16
is applied on the surface of the intermediate layer 14'.

The capsules 46 are designed so as to be destroyed at
a temperature above the temperature at which the ink
16 is softened or melted. The capsules 46 contain an
adhesion reducing agent adapted to reduce the adhesion
of the intermediate layer 14 to the softened or melted
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ink 16. The capsules 46 can be destroyed by melting the
capsule film or by thermally increasing their internal
pressure to burst the film. When bursting the film
through the pressure increase, the capsules 46 shouid
preferably be loaded with a foaming agent which foams
when heated above the temperature at which the ink 16
is softened or melted. The foaming agent makes the
bursting of the capsule film easier.

The capsules 46 may be formed by a well-known
method, such as interfacial polymerization, coacerva-
tion, etc. The shape of each capsule 46 may be any other
configuration than the spherical one shown i FIG. 3.
Even though the capsules 46 are sparsely distributed
and not in contact with one another, the capsules 46 can
give satisfactory transferability to the ink 16 unless they
are too scattered. Preferably, however, the capsules 46
should be distributed densely enough to be in contact
with one another, as shown in FIG. 5, for the best trans-
ferability.

The thermal-transfer recording apparatus, using the
ink ribbon 10 or 10’ according to the two 1llustrated
embodiments of the present invention, has been de-
scribed as a serial printer herein. Alternatively, how-
ever, it may be a line printer, as far as 1t 1s constructed
so that ink ribbon and recording paper are separated
from each other immediately after ink of the ribbon is
heated into desired patterns for transfer by a plurality of
resistors on the thermal head. It is to be understood, also
in this case, that the resistors should preferably be lo-
cated in the downstream end position at the ink ribbon
sliding contact surface of the thermal head with respect
to the ribbon feed direction.

What is claimed 1s:

. 1. An ink ribbon comprising:

an ink supporting member;

an intermediate layer mounted on the ink supporting

member; and

ink mounted on the intermediate layer,

said ink having supercooling property and being sus-

ceptible to softening or melting by heat, and

said intermediate layer being adapted to reduce adhe-

sion of the mk to the intermediate layer above a
temperature at which the ink is softened or melted.

2. The ink ribbon according to claim 1, wherein said
intermediate layer is a metal film.

3. The ink ribbon according to claim 1, wherein said
intermediate layer includes capsules distributed substan-
tially uniformly on the ink supporting member and
being destroyed when the capsules are heated above a
temperature at which the ink is softened or melted, and
an adhesion reducing agent stored in the capsules and
adapted to reduce the adhesion of the intermediate layer
to the softened or melted ink.

4. The ink ribbon according to claim 3, wherein said
capsules store a foaming agent being susceptible to foam
when the foaming agent is heated above the tempera-
ture at which the ink is softened or melted.

5. The ink ribbon according to claim 1, wherein said
ink exhibits relatively high cohesion when the ink is
softened or melted by heat.

6. The ink ribbon according to claim 5, wherein said
intermediate layer is a metal film. |

7. The ink ribbon according to claim §, wherein said
intermediate layer includes capsules distributed substan-
tially uniformly on the ink supporting member and
being destroyed when the capsules are heated above a
temperature at which the ink 1s softened or melted, and
an adhesion reducing agent stored in the capsules and
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adapted to reduce the adhesion of the intermediate layer
to the softened or melted ink.

8. The ink ribbon according to claim 1, wherein said
ink remains unsolidified for about 50 microseconds or
more after the end of heating for softening or melting
the 1nk.

9. The ink ribbon according to claim 8, wherein said
ink exhibits relatively high cohesion when the ink 1s
softened or melted by heat.

10. The ink ribbon according to claim 8, wherein said
intermediate layer 1s a metal film.

11. The ink ribbon according to claim 8, wherein said
intermediate layer includes capsules distributed substan-
tially uniformly on the ink supporting member and
being destroyed when the capsules are heated above a
temperature at which the ink is softened or melted, and
an adhesion reducing agent stored in the capsules and
adapted to reduce the adhesion of the ink to the inter-
mediate layer above the temperature at which the ink 1s
softened or melted.

12. The ink ribbon according to claim 1, further com-
prising a solidified ink bonding layer between the inter-
mediate layer and the ink for strengthening the adhesion
of the solidified ink to the intermediate layer.

13. The ink ribbon according to claim 12, wherein
said intermediate layer is a metal film.

14. The ink ribbon according to claim 12, wherein
said ink exhibits relatively high cohesion when the ink 1s
softened or melted by heat.

15. The ink ribbon according to claim 12, wherein
said ink remains unsolidified for about 50 microseconds
or more after the end of heating for softening or melting
the ink.

16. The ink ribbon according to claim 1, wherein said
ink supporting member has a heat resisting layer on the
opposite side thereof to the intermediate layer.

17. The ink ribbon according to claim 16, wherein
said intermediate layer is a metal film.

18. The ink ribbon according to claim 16, wherein
said ink exhibits relatively high cohesion when the ink 1s
softened or melted by heat.

19. The ink ribbon according to claim 16, wherein
said ink remains unsolidified for about 50 microseconds
or more after the end of heating for softening or melting
the 1nk. |

20. A thermal-transfer recording apparatus using an
ink ribbon which comprises an ink supporting member,
an intermediate layer mounted on the ink supporting
member, and ink mounted on the intermediate layer,
said ink having supercooling property and being suscep-
tible to be softened or melted by heat, and said interme-
diate layer being adapted to reduce adhesion of the nk
to the intermediate layer above the temperature at
which the ink is softened or melted, said apparatus com-
prising:

a thermal head including a plurality of heating cle-
ments and slidably contacting the ink ribbon, said
heating elements being adapted to be heated for
predetermined patterns so that the ink of the ink
ribbon being slidably contacted with the thermal
head is heated to be softened or melted for the
predetermined patterns, and is transferred to the
recording paper overlapping the ink ribbon, and

wherein said heating elements are located at a down-
stream end position, with respect to the feed direc-
tion of the ink ribbon, on the ink ribbon sliding
contact surface of the thermal head.
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21. The thermal-transfer recording apparatus accord-
ing to claim 20, further comprising separating means for
separating the ink ribbon and the recording paper from
each other the moment the ribbon and the paper, facing
each other, are separated from the ink ribbon sliding
contact surface of the thermal head.

22. The thermal-transfer recording apparatus accord-
ing to claim 20, wherein said intermediate layer of the
ink ribbon is a metal film.

23. The thermal-transfer recording apparatus accord-
ing to claim 20, wherein said ink of the ink ribbon exhib-
its relatively high cohesion when the ink is softened or
melted by heat.

24. The thermal-transfer recording apparatus accord-
ing to claim 20, wherein said ink of the ink ribbon re-
mains unsolidified for about 50 microseconds or more
after the end of heating for softening or melting ink.

25. The thermal-transfer recording apparatus accord-
ing to claim 20, further comprising a solidified ink bond-
ing layer between the intermediate layer and the ink for
strengthening the adhesion of the solidified ink to the
intermediate layer. |

26. The thermal-transfer recording apparatus accord-
ing to claim 20, wherein said ink supporting member of
the ink ribbon has a heat resisting layer on the opposite
side thereof to the intermediate layer.

27. The thermal-transfer recording apparatus accord-
ing to claim 20, wherein said intermediate layer of the
ink ribbon includes capsules distributed substantially
uniformly on the ink supporting member and being
destroyed when the capsules are heated above a temper-
ature at which the ink is softened or melted, and an
adhesion reducing agent stored in the capsules and
adapted to reduce the adhesion of the ink to the inter-
mediate layer above the temperature at which the ink 1s
softened or melted.

28. The thermal-transfer recording apparatus accord-
ing to claim 27, wherein said capsules store a foaming
agent being susceptible to foam when the foaming agent
is heated above the temperature at which the ink is
softened or melted.

29. An ink ribbon comprising:
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(a) an ink supporting member;

(b) ink containing a supercooling inducing material
and having a hysteretic property such that, during
a temperature rise, it suddenly decreases 1n viscos-
ity and softens or melts when its temperature ex-
ceeds its melting point, but, during a temperature -
fall, the supercooling material acts so that the vis-
cosity of said ink is much lower at each tempera-
ture than it is during the temperature rise;

(c) an intermediate layer mounted on said ink sup-

port; and

(d) a bonding layer interposed between said interme-

diate layer and said ink, said bonding layer being
temperature sensitive such that, at a temperature
beneath the melting temperature of said ink, it
strengthens the adhesion of said ink to said interme-
diate layer, thereby preventing solidified ink from
separating from said intermediate layer, and, at a
temperature equal to or above the melting tempera-
ture of said ink, said bonding layer i1s destroyed,
permitting said ink to come directly into contact
with said intermediate layer.

30. An ink ribbon as recited in claim 29 wherein said
bonding layer is deposited on said intermediate layer by
silane coupling treatment.

31. An ink ribbon as recited in claim 29 wherein said
ink is composed of 7 parts by weight of carbon black, 3
parts by weight of oil black, 20 parts by weight of mi1-
crocrystalline wax, 40 parts by weight of low-molecular
ethylene-vinyl acetate copolymer, and 30 parts by
weight of dicyclohexyl phthalate.

32. An ink ribbon as recited in claim 29 wherein said
ink comprises a coloring material, a binder, and said
supercooling inducing material. |

33. An ink ribbon as recited in claim 29 wherein said
supercooling inducing material is selected from the
group consisting of dicyclohexyl phthalate, benzotriaz-
ole, and acetanilide.

34. An ink ribbon as recited in claim 29 wherein said
supercooling inducing material is dicyclohexyl phthal-

ate.
* % % % Xk
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